We study specific features of resonant mode conversion in nonlinear waveguides stimulated by the bi-harmonic longitudinal modulation of its parameters, which includes changes of the waveguide depth as well as its bending (in the one-dimensional case) or spiraling (in the two-dimensional case). We demonstrate the possibility of simultaneous excitation of higherorder modes of different parities and topologies with controllable energy weights. The output mode composition is highly sensitive to the variation in the input power and detuning from the resonant modulation frequency.
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Quantum revivals stimulated by periodic external fields, first introduced by I. Rabi in his pioneering work [1] , were extensively studied in atomic, molecular, and other physical settings (see [2] for a recent review and references therein). Upon revivals the states occupying initially only one energy level of the system spread over several energy levels, but later the spreading is reversed, and the system comes back to its initial state. Such revivals occur periodically. Optical systems (such as multimode waveguides, waveguide arrays, photonic lattices or photonic crystals) provide a unique laboratory for the investigation of analogs of quantum revivals, since in such systems the direct monitoring of spatial intensity distributions and sometimes of propagation dynamics inside the sample is possible. Various resonant effects were already demonstrated experimentally in such settings [3] [4] [5] [6] [7] . An extensive recent survey of this topic can be found in Ref. [8] .
In practice, optical revivals (or stimulated mode conversion) have been realized in optical fibers, subjected to periodic mechanical stress, and in long-period photoinduced gratings [9] [10] [11] [12] . Conversion of guided modes, stimulated by shallow longitudinal refractive index modulations, was predicted in multimode waveguides [13] and demonstrated experimentally in photonic lattices [14] . Challenging problem, which is of special interest for numerous applications, is the realization of stimulated transition between states with trivial phase distributions and vortex-carrying states that have essentially different topologies. Different approaches to the transfer of orbital angular momentum from a spiraling or stressed fiber-optic waveguide to a light beam were elaborated and presented [17] [18] [19] . In particular, the generation, cancellation, and revivals of different vortex states, which are mediated by shallow refractive index modulations, were reported recently [20] . Similar effects may be observed in Bose-Einstein condensates held in optical traps and driven by resonant fields [21, 22] . The control of the evolution and modal composition of the field is important in various areas of physics, especially when the field contains topological dislocations (see for example [23, 24] and references therein).
In this Letter we exploit new prospects for stimulated mode conversion opened by application of bi-harmonic modulation of parameters of multimode nonlinear waveguides. To the best of our knowledge the revivals due to bi-harmonic modulation were never addressed previously. We start our analysis with one-dimensional linear Gaussian waveguide and show how periodic longitudinal modulation of linear refractive index, combined with harmonic bending, induces simultaneous conversion of fundamental mode into dipole and tripole modes, as well as different cascading transformations. The mode composition of the output light pattern (or energy weights of guided modes) can be efficiently controlled by tuning frequencies of bending and refractive index modulation. In the nonlinear regime, the output mode composition is sensitive to small variations of the input power. We also uncovered that two-dimensional settings enrich opportunities for linear and nonlinear mode conversion, since in such settings one can achieve simultaneous conversion into vortex and ring-like modes.
We describe the propagation of light beams along the  -axis of transparent dielectric with cubic nonlinearity and nontrivial bi-harmonic spatial modulation of the refractive index by the nonlinear Schrödinger equation for the normalized light field amplitude ( , , ) q    :
In this equation the transverse coordinates ,   are normalized to the characteristic scale 0 r ; the Laplace operator has the form (1) disregards backward scattering, which vanishes when the longitudinal refractive index modulation is slow in comparison with the wavelength  and when the refractive index contrast is low, i.e. / 1 n n   . Further, we consider two different combinations of the refractive index modulation. In the 1D case the modulation of waveguide depth will be mixed with its harmonic bending:
while in the 2D case, the modulation of depth will be accompanied by periodic spiraling of the waveguide in the direction of propagation:
In Eqs. (2) and (3) a is the waveguide width, , In what follows, we focus our attention on the case of waveguides that support at least three guided modes, and study numerically how combined and nearly resonant modulation of the waveguide depth and bending (in the 1D case) or spiraling (in the 2D case) stimulates mode coupling and conversion, and how Kerr-type cubic nonlinearity affects this process. Notice that in a linear limit ( 0)   the evolution of light in such a system will demonstrate features similar to evolution of populations in a three-level quantum system under the influence of bi-harmonic pumping.
For preliminary insight into dynamics of this system in the linear limit and in the 1D case, it is instructive to use the standard technique of analysis of resonant mode coupling, based on the modal expansion:
, which, after the substitution of the light field in such form into Eq. (1), yields the system of equations describing the evolution of the complex mode amplitudes ( ) j c  that is reminiscent of the system describing the evolution of populations of different levels under the effect of external field in quantum system: 
where the exchange integrals are introduced as While the system of Eqs. (4) for mode amplitudes, obtained in the frames of coupledmode approach, allows to get main qualitative predictions about system dynamics, we further resort to numerical integration of the full model (1)-(3) . This is mainly due to the fact that idealized system (4) does not account for radiative losses that unavoidably occur upon longitudinal modulation of real refractive index landscape and that may become especially pronounced for higher-order modes. Radiative losses lead to continuous leakage of power from the system and impose the restrictions on the maximal possible modulation depth, which are absent in (4). Moreover, Eqs. (4) account only for direct resonances and do not take into account the possibility of parametric processes (one example with parametric generation of vortex modes for forbidden direct resonance is provided in Ref. [20] ). Finally, Eqs.   plane encountered upon such cascading transformations. It should be pointed out that inclusion of the longitudinal modulation on additional, third frequency may further enrich evolution dynamics of the system because it may directly couple for example 1 w and 2 w modes and this coupling may accompany cascading processes shown above. At the same time, already bi-harmonic modulation is sufficient to achieve any desired combination of all three modes at the output.
For further discussion, we introduce relative frequency detuning of bending and depth modulation frequencies   leads to a similar result. The main conclusion is that mode composition of the output pattern is very sensitive to small detuning of the bending or depth modulation frequency.
We found that cubic nonlinearity (focusing or defocusing) drastically affects the process of mode conversion under the action of bi-harmonic modulation (Fig. 4) . Nonlinearity introduces additional shift of propagation constants of eigenmodes of the waveguide, which is different for different modes. As a result, the modulation and bending frequencies corresponding to the most effective resonant conversion shift with increase of nonlinearity coefficient  [see Figs This high sensitivity of the output mode composition to the input power variation may be also useful for practical applications.
Even richer opportunities for linear and nonlinear mode conversion under the action of bi-harmonic modulation appear in two-dimensional settings, where one can achieve simultaneous transition between modes with trivial phase distributions and vortex-carrying modes. Summarizing, we studied resonant mode conversion in linear and nonlinear waveguides under the influence of bi-harmonic longitudinal modulation of its parameters. Such modulation allows simultaneous excitation with controllable weights of modes having different parity. High sensitivity of the mode content of the output field to modulation frequencies and nonlinearity allows drastic modifications of the output intensity distributions.
